Introduction in nematodes and mice, the logic of olfactory perception differs in the two organisms. The discrimination of olfactory information requires neural mechanisms capable of In humans, smell is often viewed as an aesthetic sense, a sense capable of eliciting enduring thoughts and memdistinguishing which of the numerous receptors have ories. For most animals, however, smell is a primal sense been activated by a given odorant. In C. elegans, a family that affords organisms the ability to detect food, predaof 1000 receptor genes is expressed in only 16 pairs tors, and mates. Insects provide an attractive model of sensory cells, and each neuron expresses multiple system to understand the logic of olfactory perception odorant receptors (Bargmann and Horvitz, 1991; Colbert because they exhibit complex behaviors controlled by and Bargmann, 1995; Troemel et al., 1995 Troemel et al., , 1999 . Activaan olfactory sensory system that is significantly simpler tion of any one of the multiple receptors expressed in than that of vertebrates (Siddiqi, 1987; Hö lldobler, 1995;  one cell will lead to chemoattraction, whereas activation Carlson, 1996; Menzel and Mü ller, 1996) . Different subof a receptor in a different cell results in chemorepulsion groups of Drosophila have evolved different behavioral (Troemel et al., 1997). Thus, the behavioral response to responses to the same odor to accommodate the unique a specific sensory input is a property of the neuron that ecological niche that they occupy. Drosophila sechellia, is activated and not a function of the chemosensory for example, is a monophagous dipteran attracted to receptor itself. This organization allows for the recognin-caproic acid, abundant in the shrub Morinda citrifolia, tion of a diverse array of odorous ligands but diminishes its sole food source (Higa and Fuyama, 1993). In conthe organism's discriminatory power. trast, Drosophila melanogaster is repelled by n-caproic A different logic is employed to discriminate odors by acid but is attracted to odors emanating from a variety the mammalian olfactory system. In mice, each of the of fermenting fruits (Cobb, 1999 ization with digoxigenin-labeled RNA antisense probes to These spatial patterns may then be decoded in higher each of the 57 DOR genes. The expression of 32 of sensory centers in the brain to translate stimulus feathe DOR genes is restricted to the antenna, seven are tures into meaningful neural information. These data expressed solely in the maxillary palp, and one is exsuggest a logic of odor discrimination that has been pressed in both olfactory organs. We did not detect maintained over the 500 million years of evolution sepaexpression of 17 DOR genes in embryonic, larval, or rating insects from mammals, perhaps reflecting an effiadult olfactory organs nor in other regions of the adult cient solution to the complex problem of olfactory senhead ( Figure 2 ; Table 1 ; data not shown). sory perception.
As described previously with a smaller subset of DOR genes, each receptor is expressed in a spatially reResults stricted subpopulation of neurons. Figures  5A-5D ). Or47a, for example, is expressed in 20 lateral converge upon a dorsal medial glomerulus, the Or47a glomerulus is situated directly adjacent to the Or22a distal neurons and their axonal projections converge on a single bilaterally symmetric glomerulus located at the glomerulus but receives input from cells in the lateral distal domain of the antenna. These precise patterns of dorsal medial limit of the antennal lobe ( Figure 5A ). Or47b is expressed in 50 lateral distal neurons and these glomerular convergence were observed in at least 20 individuals derived from multiple independent transcells project axons that converge on a single large glomerulus that lies at the ventral lateral edge of the antengenic lines obtained for each of the four constructs. At a low frequency (1/100 flies), we find that Or47a-nal lobe ( Figure 5B ). Neurons expressing Or22a converge upon one dorsal glomerulus ( Figure 5C ). We have expressing olfactory neurons project to two bilaterally symmetric medial glomeruli in addition to the OR47a also visualized the projections of one of the seven different subpopulations of sensory neurons from the maxilglomerulus. The basis for this variation in axon targeting is unknown. lary palp. Sensory neurons expressing the palp receptor, Or46a, project to a single glomerulus that resides venIn a control experiment, we demonstrated that the expression of nsyb-GFP does not perturb the normal trally in the antennal lobe ( Figures 5E and 5F ).
These four subpopulations of olfactory sensory neupattern of axonal projections in the Drosophila visual system. In the adult visual system of the fly, the crystalrons therefore project axons to single spatially invariant, bilaterally symmetric glomerulus within the antennal line array of photoreceptors and the spatially ordered projection of axons to the optic lobe provides a sensitive lobe. Cells expressing Or23a, however, send processes to two glomeruli ( Figure 5D ). Or23a fibers enter the brain readout for perturbations in the development of a sensory map (Simon et al., 1991; Martin et al., 1995). We and initially converge upon a small dorsal glomerulus. crossed UAS-nsyb-GFP flies to flies carrying the GMRreceptor in a single antenna or maxillary palp to both Gal4 transgene that is strongly expressed in the visual the left and right antennal lobe. Removal of both the system (Hay et al., 1994) . We find no effect of nsyb-GFP antenna and maxillary palp from one side of the fly reexpression on the external morphology of the eye, and sults in effective deafferentation. In control experiments, the axonal projections of the photoreceptor neurons is we surgically removed either both antennae or both wild type (data not shown). Thus, the expression of nsybmaxillary palps from four different DOR-Gal4 lines car-GFP alters neither neuronal morphology nor circuitry rying a UAS-nsyb-GFP transgene. At 15 days postand can be used to trace the projections of neurons in surgery, no evidence of GFP labeling was evident in the fly brain. These control experiments provide addithe antennal lobes ( Figures 6A-6D These data indicate that each of the four distinct subsets those that project solely to the ipsilateral antennal lobe of olfactory neurons extend axons that innervate both and others that branch and project to bilaterally symmetthe ipsilateral and contralateral antennal lobes equally. It ric glomeruli (Stocker et al., 1983, 1990 ). We have traced the axonal projections from neurons expressing a given is not possible from these studies to discern if individual of 1000 cells in the antenna is marked by the expression 1999b). Experiments in which the putative promoter reof one of 32 unique genes. We presume that this spatial gions from these genes are used to drive the expression patterning is a consequence of axes of positional inforof Gal4 transgenes will provide more definitive informamation that ultimately dictate the expression of specific tion concerning these 17 genes.
genes. At present, we cannot determine the precision of the pattern of specific receptor expression we observe. Nonetheless, the fine control of neural identity reflected Sensory Neurons Express One DOR Gene by receptor expression is likely to be distinct from the and Or83b more coarse patterning that generates the three morThe diversity of receptor expression in individual senphologically distinct sensilla (trichoid, basiconic, and sory neurons has important implications for odor discoeloconic) that populate the olfactory sensory organs crimination. In C. elegans it is estimated that chemosen- 
